Catheter ablation is an established treatment for atrial fibrillation (AF) which can improve symptoms and quality of life [1] . Since the demonstration of the critical role of triggers originating in the pulmonary veins (PVs) in AF [2] , PV isolation (PVI) has been the cornerstone of AF ablation. Despite technical advances in catheter ablation, arrhythmia recurrence following ablation remains high, particularly for patients with persistent AF [3] . Additive ablation strategies beyond PVI has been shown to increase procedural complications [4] with no incremental clinical benefit [5] , further emphasising the importance of achieving durable PVI. Rapid intravenous adenosine administration at the end of the ablation procedure is often used to differentiate permanent conduction block from dormant conduction [6] . Data on the reconnection rate of PVs without adenosine-sensitive dormant conduction during the index procedure are sparse.
In this issue of the Journal, Kottmaier and colleagues report on 67 patients with recurrent paroxysmal AF who underwent two catheter ablation procedures where adenosine was used to unmask dormant conduction [7] . Following confirmation of PVI and a waiting period of 20 minutes, rapid intravenous adenosine was administered in doses sufficient to induce transient third-degree atrioventricular block or sinus arrest. Dormant conduction ablation was guided by a circular mapping catheter placed within each studied PV. Nearly half the patients had at least one PV with dormant conduction, present in about a fifth of the 264 PVs tested. Of the remaining 216 PVs which initially showed no dormant conduction, 58% were demonstrated to have reconnection on repeat procedure. Therefore, PVs exhibiting no re-excitability after adenosine administration during the first PVI procedure are still susceptible to regaining excitability. This suggests that recovery of adenosinesensitive dormant conduction may represent one, but not the only mechanism of early PV reconnection in AF patients undergoing PVI.
Catheter-based AF ablation aims to create a durable and transmural lesion to electrically isolate the PVs. On the cellular level, energy delivery during catheter ablation depolarizes cardiomyocytes in the targeted tissue within seconds to minutes and the resulting more positive resting membrane potential prevents sodium currents to activate, which clinically manifests in conduction block. Adenosine can induce hyperpolarisation in cardiomyocytes by removing voltage-dependant inward-sodium channel inactivation, allowing restoration in excitability in partially damaged myocytes, thus unmasking dormant conduction [6] . Mechanisms responsible for dormant conduction detected during the PVI ablation procedure typically do not include local inflammation and subsequent scar formation, which occur during the first days and weeks after the ablation procedure and are considered to be important to create a durable and transmural lesion.
The clinical use of adenosine to identify dormant conduction during the PVI procedure has been widely studied with conflicting reported benefits. In the first randomised-controlled trial to test adenosine-guided AF ablation, Macle et al. administered adenosine to 534 paroxysmal AF patients following PVI. They showed, similarly to Kottmaier et al., that dormant conduction was present in about 53% of the patients, who were subsequently randomised to receive consolidative ablation to abolish dormant conduction or no further ablation. The study demonstrated an absolute risk reduction of 27% in arrhythmia recurrence with adenosine-guided ablation compared to controls [8] . On the other hand, the larger "Adenosine triphosphate-guided pulmonary vein isolation for atrial fibrillation: the UNmasking Dormant Electrical Reconduction by Adenosine TriPhosphate (UNDER-ATP)" trial enrolled 2113 patients, including those with persistent AF (~33%), and randomly assigned patients to adenosine-guided ablation or conventional PVI only. The study found no significant change in arrhythmiafree survival after a follow-up of over 1 year [9] . These divergent results may become less at odds on closer examination. In addition to the differences in the studied population between the two studies, Macle et al. up titrated individual adenosine doses to physiologic response, while in UNDER-ATP, a weight-dependant dosing protocol was followed, which may explain the comparatively lower proportion of patients with dormant conduction seen (27%). The lack of conclusive evidence for the benefit of regular use of adenosine is further highlighted by multiple studies, including meta-analyses, which report seemingly contradictory results [10e12].
The heterogeneous outcomes of these recent clinical studies on adenosine-guided PVI ablation suggest, that adenosine-sensitive dormant conduction does not represent the only mechanism for clinical PVI reconnection and AF recurrence. Potential additional mechanisms include conduction through injured, oedematous tissue that can later recover, particularly in areas where catheter stability is difficult to achieve [13] . Thicker myocardial sleeves extending into the pulmonary veins, particularly at the superior veins [15] can potentially explain the difficulty in achieving transmural ablation and durable PVI. Additionally, the structural remodelling process during durable scar formation involves a complex and temporally dynamic activation of different pro-inflammatory and pro-fibrotic and pro-apoptotic pathways beyond mechanisms Peer review under responsibility of Indian Heart Rhythm Society.
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In conclusion, recovery of adenosine-sensitive dormant conduction represents one among many mechanisms of PV reconnection and AF recurrence. Therefore, absence of adenosine-sensitive dormant conduction during the index procedure cannot exclude later PV reconnection. Whether other techniques like longer waiting periods [14] or pacing via the distal tip of the ablation catheter along the PVI line to identify viable myocardium and potential gaps [16] improves PVI outcome should be investigated in future studies. While navigating through the optimal techniques to treat AF with catheter ablation, we should not lose sight of the importance of treating AF upstream, where the potential lies to halt the disease progression or even reverse it [17e19]. As for routine adenosine use in catheter ablation, the jury remains out on this contested issue, and further rigorous randomised controlled trials are warranted to help settle the debate.
